An investigation is presented of a low cost approach to the measurement of two and three dimensional objects using a flatbed scanner and image analysis software. Conventional measurement using relatively low cost instruments such as micrometers and vernier callipers can be time consuming and requires operator skills which result in higher overall costs. The increasing resolution and decreasing prices of flatbed scanners introduces the possibility of their use as a low cost alternative to traditional manual measuring. To investigate this, a simple dimensional measurement technique was developed using an unmodified, then a modified, flatbed scanner, a standard PC, and software. A dimensional accuracy of ±0.05 mm was achieved with a modified flatbed scanner system for slip gauge samples of nominal thickness 10mm and 5mm.
Introduction
It has been estimated that 3% to 6% of the GDP of industrialised countries is spent on measurement and measurement related operations [1] . Even minor contributions towards reducing this cost will be worthwhile. This paper therefore presents an investigation into the possibility of utilizing a commercially available flatbed scanner for basic component metrology. For the measurement of simple components smaller than 100mm the use of conventional low cost methods using manual instruments such as vernier callipers (precision +/-0.01mm) or, micrometers (precision +/-0.005mm) is time consuming and requires operator skills which result in high total costs. For the accurate measurement of more complex components, digital coordinate measuring machines (CMMs) are more commonly used (precision +/-0.0005mm) but these are relatively expensive. In order to investigate the possibility of a low cost, low skill, mechatronic metrology system, the work reported here focuses on finding the accuracy that can be obtained from a flatbed scanner.
Previous Applications of Flatbed Scanners
The flatbed scanner (FBS) has been used in various scientific applications during the last ten years due to its increasing capability to capture images in high resolution and the substantial reduction of computation costs. An FBS has been used for automatic examination of damaged organs in medicine [2,3] and they have been used for automated evaluation of organic forms such as detection of leaf areas and identification of conifer needle geometry [4, 5] , monitoring of root growth [6] , and for quantification of microbial growth [7] . Although these studies focused on percentage comparison of different colour ranges or measurement of area by counting high/low intensity pixels they did not provide a full investigation of the FBS accuracy for dimensional measurement. Several material and civil engineering applications utilising an FBS have also been developed for determination of spray droplet size [8], analysis of air voids in concrete [9] , and archaeological mortar porosity [10] . These applications acquired a planar image within the focus field of the scanner. Other FBS applications are to be found in the food industry where scanned images were used for automatic inspection of broken rice kernels [11] size and colour grading of lentils [12] and food texture grading [13] . Elsewhere 100x100 mm plates of air entrained concrete were scanned [14] and the longitudinal and lateral distortion of a scanned image across large dimensions was examined [15] . Two particularly relevant and recent FBS applications are notable; in one paper section lengths of injection moulded test spirals were measured [16] , and in another automatic wire diameter measurements were made using a Matlab image processing toolkit [17] . The main disadvantage of these systems is that they were developed for measurements that were almost 2D. The edge detection methods used would be extremely difficult to employ for accurate edge finding of 3D objects since when the FBS captures an image of a non-planar object the side surface of the object may be captured together with the front face, see Figure 1 .
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